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Abstract
Hydroxypropyl methylcellulose (HPMC), a semisynthetic, nonfermentable soluble dietary fiber, is not absorbed by the
body, but its presence in the intestinal lumen increases fecal fat, sterol, and bile acid excretions and decreases
intestinal cholesterol absorption, all of which may indirectly affect hepatic lipid metabolism. We measured the
expression of hepatic genes involved in cholesterol, bile acid, and fatty acid metabolism in hamsters fed diets
containing 39% of energy as fat and 5% of weight as HPMC or microcrystalline cellulose (control) for 4 wk. HPMC-fed
hamsters gained significantly less body weight than the control group but did not differ in food intake. They had
significantly lower plasma triglyceride and total-, VLDL-, HDL-, and LDL-cholesterol concentrations and hepatic total
lipid, total and free cholesterol and triglyceride concentrations than controls. Compared with controls, HPMC-fed
hamsters had greater levels of mRNA for CYP7A1 (cytochrome P450 7A1; 8-fold of control; P < 0.05), CYP51
(lanosterol 14a-demethylase; 5.3-fold of control; P < 0.05), and HMG-CoAR (3-hydroxy-3-methylglutaryl CoA
reductase; 1.8-fold of control; P< 0.05). The plasma total cholesterol concentrations from both the control and HPMC
groups were inversely correlated with expression of hepatic CYP7A1 (r = -0.54; P < 0.05), CYP51 (r= -0.79; P<
0.005), and HMG-CoAR (r = -0.75; P < 0.005) genes. This suggests that HPMC supplementation affected both
cholesterol and bile acid synthesis. Our data confirm that altered hepatic expression of lipid metabolism-related
genes, possibly due to modulation of fecal bile acid excretion and intestinal cholesterol absorption, contributes to the
lipid-lowering effects of HPMC. J. Nutr. 140: 1255-1260, 2010.

Introduction
ago (2), soluble dietary fiber (SDF)6 have recently attracted

Dyslipidemia is 1 of the top 5 major risk factors leading to renewed interest. Numerous studies have delineated the choles-
cardiovascular disease, which is linked to-40% of deaths in the terol-lowering effects of psyllium, guar gum, pectin, and 0-
United States (1). As an alternative to pharmacological medi- glucan; however5 die mechanisms responsible remain poorly
cine, combinations of lifestyle changes and appropriately con- understood. SDF increase the viscosity of small intestine
trolled diets have recently received more attention to reduce contents and fccal bile acids and sterols excretion, which may
cardiovascular disease risk. Although the hypocholesterolemic in mrn reduce the size of the enterohepatic pool of bile acids or
effects of natural water-soluble fibers were demonstrated >40y possibiy cause malabsorption of fats through disruption of
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intestinal micelle formation (3,4). Both of these events can result
in upregulation of cholesterol synthesis. Most SDF are fermented
by intestinal bacteria to produce SCFA, which can affect hepatic
cholesterol synthesis (5,6).

Bile acids, synthesized from cholesterol in the liver, facilitate
absorption of cholesterol, dietary lipid, and fat-soluble vitamins
from the intestinal lumen. The conversion of endogenous
cholesterol to bile acids and excretion of unabsorbed cholesterol
and unrecycled bile acids in feces represent 2 major routes for
cholesterol removal from the body. In addition to their role as a
detergent to facilitate dietary fat absorption, bile acids are
increasingly recognized as signaling molecules that bind to
nuclear receptors such as farnesoid X receptor (FXR)a that
regulate bile acid and cholesterol metabolism (7,8). Further-
more, altered hepatic cholesterol and oxysterol concentrations
resulting from changes in bile acid synthesis can influence the
function of transcription factors such as sterol response element
binding protein (SREBP), whose target genes regulate the
biosynthesis of cholesterol and lipids (9).

Hydroxypropyl methylcellulose (HPMC) is a well-character-
ized, nonfermentable, semisynthetic cellulose derivative with
physiological properties of a SDF. Previous studies in animals
and humans have linked increasing HPMC viscosity with
hypocholesterolemic effects and increased fecal excretion of
bile acids and cholesterol (10,11). These effects are similar to
those of fermentable SDF such as psyllium and /3-glucan.
Furthermore, HPMC-supplemented diets have shown a positive
effect in regulating adipocytokine production in addition to
improving lipid and glucose homeostasis (12). However, the
mechanism by which HPMC-mediated increased excretion of
bile acids and sterols triggers the observed changes in lipid and
cholesterol metabolism is not clear.

The male Syrian Golden hamster has been extensively used as
an animal model to study cholesterol and bile acid metabolism,
which is known to be similar to humans. In both humans and
hamsters, the liver is the major site for plasma LDL-cholesterol
clearance and the liver has a low rate of cholesterol synthesis
(13). Less is known about the molecular events that occur
concurrently with fat and fiber feeding, because the hamster
genome has not been completely sequenced.

To define the mechanisms by which dietary HPMC elicits
lipid (cholesterol and triglyceride)-lowering effects, we fed male
Golden Syrian hamsters a high-fat diet containing either 5%
HPMC or 5% microcrystalline cellulose (MCC), an inactive
insoluble fiber, as a control for 4 wk and investigated hepatic
gene expression profiles of key enzymes involved in cholesterol,
bile acid, and fatty acid metabolism as well as nuclear receptors
and transcription factors that regulate these pathways. Corre-
lations were calculated to determine relationships between the
cholesterol-lowering effects and altered hepatic gene expression
for cholesterol, bile acid synthesis, and circulating adiponectin
concentrations.

Materials and Methods
Hamsters and diets. Male Golden Syrian hamsters (-80 g, LVG strain,
Charles River) were acclimatized and given water and a 5001 rodent diet
(LabDiet, PMI International; protein, 239 g/kg; fat, 50 g/kg; non-
nitrogenous substances, 487 g/kg; crude fiber, 51 g/kg; ash, 70 g/kg;
energy, 17 MJ/kg; and sufficient amounts of minerals and vitamins for
healthy maintenance) ad libitum for 1 wk prior to the initiation of the
experimental diets. Hamsters were weighed and randomized into 2
groups of 15 hamsters each and were fed high-fat diets ad libitum
containing either 5% (by weight) very high viscosity HPMC (The Dow

Chemical Company) or 5% MCC (Dyets) for 4 wk. MCC is an insoluble
fiber that has little effect on sterol metabolism (3). Diets consisted of
18% of energy as protein, 43% as carbohydrate, and 39% as fat
supplemented with 0.1% cholesterol (Supplemental Table 1). Body
weights were recorded weekly and food intake was monitored twice per
week. The study was approved by the Animal Care and Use Committee,
Western Regional Research Center, USD A, Albany, CA.

Plasma and tissue collection. Hamsters were feed deprived for 12 h
and anesthetized with Isoflurane (Phoenix Pharmaceutical). Blood was
collected by cardiac puncture with syringes previously rinsed with
potassium EDTA solution (15% wt:v) and plasma was separated after
centrifugation at 2000 X g for 30 min at 4°C. Livers were collected,
weighed, and immediately frozen in liquid nitrogen for analysis.

Plasma biomarker analysis. Cholesterol in plasma lipoproteins were
determined by size-exclusion chromatography as previously described
(14). Plasma triglycerides, total cholesterol, free cholesterol, and glucose
were determined by enzymatic colorimetric assays using a Roche
Diagnostics/Hitachi 914 Clinical Analyzer with assay kits (Roche
Diagnostics and Wako Chemicals). Plasma concentrations of adiponec-
tin (B-bridge International) and insulin (Mercodia) of feed-deprived
hamsters were determined using mouse adiponectin and ultra-sensitive
rat insulin immunoassay kits as previously described (12). Blood glucose
concentrations in feed-deprived hamsters were measured in tail vein
samples using a OneTouch Ultrameter (LifeScan).

Hepatic lipid analysis. Lyophilized, ground liver samples were
extracted using an accelerated solvent extractor (Dionex) at 100°C,
— 13.8 MPa with 75/25 hexane/2-propanol. The sample extract was
analyzed on a Roche Diagnostic/Hitachi 914 clinical analyzer (Roche
Diagnostics) to determine hepatic triglycerides, total cholesterol, and
free cholesterol using the kits described above.

Real-time PCR. Total RNA from livers was extracted using TRIzol plus
RNA purification kit (Invitrogen, Life Technologies) and cDNA was
synthesized using GeneAmp RNA PCR kit (Applied Biosystems) per the
manufacturer's protocol. Approximately 1 /xL of diluted cDNA (1:10)
was used in each real-time RT-PCR using SYBR Green Supermix (Bio-
Rad) with an Mx3000P instrument (Stratagene). The cycle conditions
were: 5 min at 95°C followed by 20-35 cycles of incubation at 94°C for
15 s, then 55-60°C for 1 min and 72°C for 30 s. The sequences of the
primers used for this study are shown in Supplemental Table 2. The
primers were validated by size and sequencing of PCR products. No
accumulation of nonspecific products and primer-dimers was observed in
a gel electrophoresis test of the PCR products. The results were analyzed
using the software provided with the Stratagene Mx3000P QPCR
system. Differences in mRNA expression were calculated after normal-
izing to (3-actin expression.

Fecal bile acids and sterol analysis. Feces were collected for 3
consecutive days immediately prior to when the hamsters were killed and
were lyophilized, milled, and stored at — 20°C. Bile acids and sterols were
determined by HPLC as described previously (15).

Statistical analysis. All data are expressed as means ± SE. Differences
between control and HPMC groups were determined by 2-tailed
Student's t tests. When variances of each group were unequal, signifi-
cance of differences was determined using the Welch's test. Pearson
correlation coefficients were calculated for investigating relationships of
plasma total cholesterol, plasma adiponectin concentrations, hepatic
cholesterol, and triglyceride concentrations with the expression of
hepatic genes (JMP 7 statistical program, SAS Institute). Significance was
defined at P < 0.05.

Results
Metabolic effect of HPMC supplementation. The final body
weight and weight gain were significantly less in the HPMC
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group than in the control group despite the similar food intake in
both groups, resulting in a 21 % lower food efficiency ratio in the
HPMC group (Table 1). In conjunction with lower body weight,
liver weight in the HPMC group was significantly lower than in
the control group by 37%. The retroperitoneal adipose weight in
the HPMC group tended to be ~ 18 % lower than in the control
group (P = 0.08). In the HPMC group, plasma total-, VLDL-,
and LDL-cholesterol concentrations were 41, 70, and 60%
lower, respectively, than in the control group (P < 0.05) (Table
1). HPMC consumption also lowered the HDL-cholesterol
concentration (P < 0.05) and the LDL-:HDL-cholesterol ratio
(P < 0.05). The plasma triglyceride concentration was 38%
lower in HPMC group and fecal contents of bile acids and sterols
were 63 and 29% greater, respectively, in the HPMC group than
those in the control group (Table 1). In addition, hepatic total lipid,
total cholesterol, free cholesterol, and triglyceride concentrations
were 20, 73, 45, and 80% lower, respectively, in the HPMC group
compared with the control group (P < 0.05) (Table 1).

mRNA expression levels of hepatic genes related to bile
acid and cholesterol metabolism. The expression of a set of
hepatic genes related to bile acid metabolism was higher in the
HPMC group than in the control group with the exception of
SHP-1 (small heterodimer partner), which did not differ
between the groups (Table 2).

The mRNA levels of hepatic genes involved in cholesterol
synthesis, including SREBP-2, HMG-CoAR (3-hydroxy-3-
methylglutaryl CoA reductase), and CYP51 (lanosterol 14a-
demethylase), were higher in the HPMC group compared with
the control group. The expression level of LDLR (LDL receptor)
in the HPMC group also was higher, whereas mRNA level of the
sterol transporter protein, ABCG5 (ATP-binding cassette sub-
family G), in the HPMC group was lower than in the control
group. However, expression levels of LXRa (liver X receptor)
did not differ between the groups.

TABLE 1 Anthropometries and plasma lipid concentrations in
male hamsters fed 5% MCC or HPMC diet for 4 wk1

TABLE 2 Plasma adiponectin concentration and hepatic mRNA
expression of genes related to homeostasis of bile
acids, cholesterol, and fatty acid metabolism in male
hamsters fed 5% MCC or HPMC diet for 4 wk1

5% MCC 5% HPMC

Anthropometric data
Body weight, g
Body weight gain, g/4 wk
Food intake, g/d
Food efficiency ratio, g gain/g feed
Retroperitoneal adipose tissue, g
Liver weight, g

Plasma lipids
Total cholesterol, mmol/L
HDL cholesterol, mmol/L
VLDL cholesterol, mmol/L
LDL cholesterol, mmol/L
LDLHDL cholesterol ratio
Triglyceride, mmol/L

Fecal bile acids and sterols, ^mol/g
Fecal bile acids
Fecal sterols

Hepatic lipids
Percent total lipid, g/100 g
Total cholesterol, fimol/g
Free cholesterol, ^mol/g
Triglyceride, /jumol/g

109.9 ± 2.0
40.4 ± 1.9
10.6 ± 0.2
0.35 ± 0.01

1.6 ± 0.1
5.7 ± 0.2

5.95 ± 0.21
2.80 ± 0.09
1.08 ±0.09
1.88 ± 0.15
0.75 ± 0.06
2.11 ± 0.33

1.8 ±0.2
10.9 ± 0.6

21.4 ± 0.6
89.6 ± 4.0
31.9 ± 2.0
69.6 ± 2.0

101.7 ± 1.9*
32.1 ± 2.1*
10.7 ± 0.3
0.27 ± 0.02*

1.3 ± 0.1
3.6 ±0.1*

3.53 ± 0.17*
2.37 ± 0.09*
0.33 ± 0.05*
0.83 ± 0.07*
0.35 ± 0.03 *
1.31 ± 0.14*

5.0 ± 0.7*
15.3 ± 1.0*

17.2 ± 1.0*
24.3 ± 2.1*
17.4 ± 1.2*
13.3 ± 2.1*

1 Values are means ± SE, n = 15. ^Different from MCC, P < 0.05.

Plasma adiponectin, mg/L
Relative gene expression

Bile acid synthesis-related genes
FXRa
SHP-1
LRH-1
HNF-4a
PGC-la
CYP7A1
ABCB11

Cholesterol synthesis-related genes
LXRa
SREBP-2
HMG-CoAR
CYP51
LDLR
ABCG5

Fatty acid metabolism-related genes
PPARa
ACOX
CPT-1
SREBP-lc
SCD-1
FAS

5% MCC

22.3 ± 1.72

1.07 ± 0.16
1.14 ± 0.25
1.04 ± 0.14
1.03 ± 0.09
1.02 ± 0.06
1.07 ± 0.18
1.06 ±0.14

1.03 ± 0.11
1.04 ± 0.10
1.04 ± 0.12
1.05 ± 0.11
1.02 ± 0.09
1.03 ± 0.10

1.03 ± 0.10
1.06 ± 0.15
1.09 ±0.20
1.05 ± 0.11
1.08 ± 0.07
1.04 ± 0.10

5% HPMC

30.9 ± 1.60

2.45 ± 0.27*
1.42 ±0.30
1.63 ± 0.13*
1.80 ± 0.29*
1.61 ± 0.23*
8.34 ± 1.82*
2.50 ± 0.31*

1.38 ± 0.14
2.71 ± 0.64*
1.84± 0.21*
5.54 ± 0.99*
2.31 ± 0.28*
0.39 ± 0.05*

1.77 ± 0.29*
2.84 ± 0.41*
2.14 ± 0.28*
0.59 ± 0.07*
0.30 ± 0.09*
0.65 ± 0.12*

1 Values are means ± SE, n = 8-10. "Different from MCC, P < 0.05. Each mRNA was
normalized to /3-actin and is expressed as a relative level.

mRNA expression levels of hepatic genes related to lipid
metabolism. Expression levels of PPARa, a transcription
factor regulating fatty acid /3-oxidation and its target genes,
ACOX (acyl-CoA oxidase) and CPT-1 (carnitine palmitoyl-
transferase-1), encoding genes for rate-limiting enzymes for
mitochondrial and peroxisomal fatty acid oxidation, were
greater in the HPMC group than in the control group. In
contrast, a transcription factor for fatty acid synthesis, SREBP-
1 c, and genes encoding for key enzymes for fatty acid synthesis,
SCD-1 (stearoyl-CoA desaturase-1) and FAS (fatty acid syn-
thase), were lower in the HPMC group compared with the
control group (Table 2).

Plasma adiponectin, insulin, and glucose concentrations.
The plasma adiponectin concentration was 31% greater in the
HPMC group than in the control group (P < 0.05; Table 2).
However, plasma insulin concentrations measured following
feed deprivation did not differ between the control (13.8 ±
5.2 pmol/L) and HPMC (17.2 ± 5.2 pmol/L) groups. Similarly,
glucose concentrations did not differ between the control
(5.72 ± 0.29 mmol/L) and HPMC (5.83 ± 0.28 mmol/L) groups.

Correlation between plasma lipid and adiponectin con-
centrations and hepatic gene expression. Correlations of
plasma cholesterol concentrations, hepatic triglycerides, and
hepatic gene expression levels were examined to understand the
relationships between molecular processes and circulating lipid
concentrations (Table 3). Total-, VLDL-, LDL-, and HDL-
cholesterol were negatively correlated with hepatic expression of
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TABLE 3 Correlations between plasma cholesterol
concentrations and expression of hepatic genes
in male hamsters fed 5% MCC and HPMC diets
for 4 wk1

Genes

CYP7A1
CYP51
HMG-CoAR
ABCG5
ABCB11
LDLR

Total
cholesterol

-0.54*
-0.79***
-0.75***

0.77***
-0.71***
-0.76***

VLDL
cholesterol

-0.52*
-0.73***
-0.68***

0.60*
-0.60*
-0.64**

LDL
cholesterol

r
-0.36
-0.70***
-0.61***

0.75***
-0.61*
-0.67**

HDL
cholesterol

-0.64**
-0.64***
-0.71***

0.62*
-0.66**
-0.70***

1 Values are Pearson correlation, n = 16. *P < 0.05; ** P < 0.01; *** P < 0.005.

CYP7A1 (cytochrome P450 7A1), CYP51, HMG-CoAR,
ABCB11, and LDLR genes. There were significant positive
correlations between plasma cholesterol concentrations (total-,
VLDL-, LDL-, and HDL-cholesterol) and mRNA levels of the
cholesterol transporter, ABCG5. Moreover, the mRNA levels of
SREBP-2 were positively correlated with LDLR (r = 0.75; P <
0.01), CYP51 (r = 0.68; P < 0.01), and HMG-CoAR (r = 0.83;
P < 0.01) mRNA levels. Positive correlations between hepatic
triglyceride concentrations and mRNA levels of SREBP-1 (r =
0.71; P < 0.01) and SCD-1 (r = 0.85; P < 0.01) were observed.
Furthermore, there were negative correlations between hepatic
triglyceride concentrations and mRNA levels of PPARa (r =
-0.54; P < 0.05) and ACOX (r = -0.74; P < 0.01) mRNA
levels. In addition, plasma adiponectin concentrations were
negatively correlated to hepatic triglyceride concentrations (r =
-0.66; P< 0.01).

Discussion
HPMC and other SDF have a positive impact on dyslipidemia in
both humans and animal models. No single mechanism linking
these macro-observations with control of the body's biochem-
istry has been identified. In this hamster study, we correlate the
upregulation of hepatic pathways for bile acid and cholesterol

synthesis and downregulation of triglyceride synthesis with the
physiological consequences of HPMC dietary supplementation.

Hepatic gene expression data suggest that HPMC's
cholesterol-lowering effect is a consequence of increased loss
of bile acids to the feces. Therefore, hepatic cholesterol is
directed into bile acid synthesis to compensate for the decreased
bile acid concentrations in the enterohepatic circulation, as
suggested by the increase in the expression of CYP7A1 mRNA
(Fig. 1). This is accompanied by an upregulation of hepatic
cholesterol synthesis as implied by increases in expression of
CYP51 and HMG-CoAR mRNA. These data are supported by
significant negative correlations between plasma cholesterol
concentrations and the relative expression of CYP7A2, CYP51,
and HMG-CoAR mRNA levels. Changes in mRNA expression
levels are not always a measure of pathway flux; however,
previous studies have shown a linear relationship between
enzyme activity and gene expression for many of these enzymes.
For example, dietary supplementation with psyllium or chole-
styramine upregulates both CYP7A1 mRNA and CYP7A1
enzyme activity (3,16).

We also measured similar changes to critical regulatory
genes. Upregulation of SREBP-2 and its downstream target
genes such as LDLR and CYP51 and HMG-CoAR (17) showed
a strong positive correlation. A strong negative correlation
between the expression of LDLR and plasma cholesterol fits
with these observations. We hypothesize that bile acid synthesis
demand for cholesterol upregulates not only de novo cholesterol
synthesis through CYP51 and HMG-CoAR expression but also
optimizes cholesterol transport by increasing LDLR gene
expression and the import of exogenous cholesterol. Addition-
ally, downregulation of ABCG5, which would limit cholesterol
efflux to the bile duct, was observed. ABCG5 is a target gene of
LXRa, which regulates cholesterol metabolism and transport
upon activation by cholesterol derivatives such as (24S), 25-
epoxycholesterol, (24S)- and (22R)-hydroxycholesterol (18).
Even though no significant change in the expression of LXRa
was observed under these conditions in hamsters, less activated
LXRa due to the low hepatic cholesterol concentrations in
HPMC group may lead to downregulation of ABCG5. Consis-
tent with the lower ABCG5 expression, another target gene of
LXRa, SREBP-1 c, was also downregulated by HPMC.

Adiponectin

FIGURE 1 Summary of the proposed mechanism
responsible for lipid-lowering effects in hamsters
fed a high-fat diet containing HPMC. Replacement
of lost bile acids from their precursor cholesterol is
seen in the upregulation (A) or downregulation (V)
of a number of genes for transcription factors (•),
and enzymes or proteins (O) in the HPMC group
relative to the control group. These genes are critical
to the control of the biosynthetic pathways and in
the transport of bile acids and cholesterol across
hepatocyte membranes. Increased plasma adiponec-
tin concentration may modulate expression of genes
related to fatty acid synthesis and oxidation and
reduce plasma and hepatic triglyceride concentration.

Liver

Bile acids

^ Fatty acid Fatty acid y
oxidation synthesis

w Secretion Storage w
^ as VLDL of TAG T j(Tn. P

T Plasma LDL-C
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As the rate-limiting step in the conversion of cholesterol to
bile acids, CYP7A1 plays an important role in the cholesterol-
lowering effect of HPMC; however, several nuclear receptors
can be involved in its regulation, including LXRa, FXRa, SHP-
1, liver receptor homolog-1 (LRH-1), and hepatocyte nuclear
factor-4 (HNF4a) (7). The present results indicate that the
upregulation of CYP7A1 by HPMC is not associated with the
LXRa-mediated pathway, because decreased mRNA expression
would be expected for LXRa target genes. FXRa regulates bile
acid synthesis and enterohepatic circulation of bile acids upon
activation by bile acids. Activated FXRa induces ABCB11,
which codes for BSEP and SHP-1, whose product inhibits
CYP7A1 transcription (19). However, the 2 FXRa target genes,
SHP-1 and ABCB11, had inconsistent mRNA expression in
hamster liver. The increased mRNA expression of ABCB11 by
HPMC reflects the activation of FXRa and would cause
increased efflux of bile acids; however, no significant changes
were observed for SHP-1 expression levels. This might be
explained by the rapid and transient induction of SHP-1, so
increased expression levels of SHP-1 may have been missed
because of the time of liver specimen sampling (7). Therefore,
upregulation of CYP7A1 in hamster liver may not be associated
with the FXR/SHP regulation pathway. Alternatively, FXRa-
independent pathways for the regulation of CYP7A1 involving
HNF-4a have been reported (20). HNF-4a and LRH-1 gene
products bind to the CYP7A1 promoter and HNF-4a with
PPAR-y coactivator-1 (PGC-la) increase basal activation of
CYP7A1 and increase bile acid production (21,22). Increased
expression of HNF-4a, LRH-1, and PGC-la was significantly
enhanced with HPMC supplementation, indicating that the bile
acid biosynthesis may be regulated by HNF-4a. In addition to
the hepatic nuclear receptors examined in this study, intestinal
FGF-15 (FGF-19 in mice) has been reported as an FXR target
gene (23). Further studies regarding the physiological relation-
ship of these factors or nuclear receptors are needed to bring
more insights for the understanding of enterohepatic regulation
of bile acid synthesis.

Adiponectin is an adipocyte-secreted protein that has been
shown to increase fatty acid oxidation (24). We confirm here an
earlier observation from our laboratories that HPMC supple-
mentation of a high-fat diet in hamsters leads to an increase in
plasma adiponectin concentrations that are correlated with
reductions in plasma cholesterol (r = —0.41; P = 0.02) and
triglyceride concentrations (r = -0.26; P = 0.16) (12). An
association of plasma adiponectin concentrations with increased
expression of SREBP-lc and decreased expression of PPARa
and their downstream genes has been reported, linking regula-
tion of the hepatic triglyceride pool with plasma adiponectin
concentrations (25). We have confirmed and extended those
observations by showing upregulation of PPARa, CPT-1, and
ACOX and downregulation of SREBP-lc, SCD-1, and FAS.
Furthermore, significant correlations between hepatic triglycer-
ide, plasma adiponectin concentrations, and SREBP-lc, SCD-1,
PPARa, and ACOX expression levels were observed.

In summary, we have demonstrated that the improvements in
plasma lipid profiles in hamsters fed a high-fat diet supple-
mented with the SDF, HPMC, are linked to the regulation of bile
acid, cholesterol, and triglyceride metabolism in the liver
through increases in fecal bile acid excretion. Cholesterol and
bile acid transport in and out of hepatocytes is also modified.
Plasma and hepatic triglyceride concentrations were reduced by
modulating expression of genes related to fatty acid synthesis
and oxidation, which may be mediated by increased circulating
adiponectin concentrations. This study further supports the

potential dietary use of HPMC for the prevention or manage-
ment of dyslipidemia-related diseases such as cardiovascular
disease, metabolic syndrome, and possibly obesity.
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